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[ Abstract ] Phycocyanobilin:ferredoxin oxidoreductace (PcyA), a member of the
ferredoxin-dependent bilin reductase (FDBR) family, catalyzes two sequential reduction steps
from biliverdin IXa (BV) to Phycocyanobilin (PCB). It plays a vital role of light-harvesting
and photoreceptor pigment in cyanobacteria, algae and higher plants. PcyA controls the
reaction sequence and regiospecificity of the BV reduction to afford PCB through an
intermediate 18%,182-dihydrobiliverdin 1Xa (18EtBV). It also has a quite unique characteristic
that is the only enzyme that catalyzes BV D-ring reduction among the FDBR family.
Although the enzymatic feature has been studied experimentally and computationally from
biological and chemical perspectives, the specific reaction mechanisms have not been
clarified completely. A neutron structure of PcyA-BV complex was determined recently, and
positions of the hydrogen atoms were revealed. Based on the neutron structure, we carried out
ONIOM-EE calculations to investigate favorable protonation states for the neutron structure
and reaction mechanism.
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Table 1. Relative energies given from single point calculations (M06-2X/6-311+G**: AMBER) and Root
Mean Square Deviation (RMSD) of heavy atoms in the active site.

OM model Protonation State QM/MM QM/MM(QM) RMSD[A]
BV AE [ kcal/mol  AE/kcal/mol  (Heavy atom)
1A Deprotonated A-ring 0.00 0.00 0.5878
1B Deprotonated B-ring 1.49 -2.03 0.5669
1C Deprotonated C-ring -1.75 -2.59 0.5440
1D Deprotonated D-ring 0.74 -0.42 0.5470
1E Protonated BV 10.87 4.25 0.5855
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Fig. 2. Differences between neutron structure and ONIOM-EE optimized structure.
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